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Abstract. The high-spin structure of 109In was investigated with the 100Mo(14N, 5n)109In fusion-
evaporation reaction at CIAE, Beijing. Eleven new γ-rays of 109In were identified, by which the band-
heads of the ∆I=2 rotational bands were confirmed. The configurations were assigned with the help of
the systematic discussion. Furthermore, the rotational bands are compared with the tilted-axis cranking
calculations based on a relativistic mean-field approach. The rotational bands involving the 1p1h excita-
tion to the pid5/2 and pig7/2 orbitals are suggested as candidates for antimagnetic rotation based on the
theoretical results.
PACS. 21.10.Re – 23.20.Lv – 27.60.+j
1 Introduction
The rotational bands consisting of electric quadrupole tran-
sitions are usually related to the rotation of the deformed
nucleus around an axis perpendicular to the symmetry
axis of the deformed density distribution. With the de-
velopment of theoretical and experimental research [1,2,
3,4], a novel rotation has been found in weakly deformed
or near-spherical nuclei, and is interpreted as a result of
shears mechanism, i.e., the gradual closing of the angu-
lar momentum vector of relatively few high-j proton par-
ticles (jpi) and high-j neutron holes (jν). Such kind of
rotation is introduced as magnetic rotation. Up to now,
numerous magnetic rotational bands have been observed
in A ∼ 110 mass region using the HI-13 tandem accelera-
tor at the China Institute of Atomic Energy (CIAE), such
as 106Ag [5,6,7], 107Ag [8,9], 112In [10,11,12], 113In [13,
14] and 115In [15].
Antimagnetic rotation (AMR) is another exotic rota-
tion observed in near-spherical nuclei [16,17,18]. The an-
gular momentum is increased by simultaneous closing of
the two blades of protons and neutrons toward the to-
tal angular momentum vector, which is so called “two-
shears-like mechanism”. Because the transverse magnetic
a e-mail: bhsun@buaa.edu.cn
b e-mail: jianli@jlu.edu.cn
c e-mail: zhulh@buaa.edu.cn
moments of the valence nucleons are anti-aligned, there
are no M1 transitions in antimagnetic rotational bands.
AMR is characterized by weak E2 transitions and decreas-
ing B(E2) values with increasing spin, which reflects the
nearly spherical core. The large J(2)/B(E2) ratio of the
order of 100 ~2MeV−1e−2b−2, compared with around 10
~
2MeV−1e−2b−2 for well-deformed nucleus, is also a typ-
ical feature [16,17,18].
The antimagnetic rotation is expected to be realized
in the same mass region with magnetic rotation. Experi-
mentally, they have been observed simultaneously in the
A ∼ 110 mass region. Especially for Cd isotopes, the pos-
itive parity yrast bands after the alignment of neutrons
at sufficiently high frequencies are perfect candidates for
the two-shears-like mechanism. Up to now, the antimag-
netic rotational bands have been identified in 105Cd [19],
106Cd [20], 107Cd [21], 108Cd [22,23] and 110Cd [24]. For
In isotopes, when an additional proton occupies the g7/2
or d5/2 orbital, the “two-shears-like mechanism” can also
be expected. In fact, the rotational bands in 108,110In [25,
26], 112In [27] and 113In [28] have been taken as candidates
for antimagnetic rotation.
In our previous work [29], the triaxial deformation,
shape evolution and possible chirality for the dipole bands
in 109In were discussed in detail. However, it was unclear
for the underlying nuclear structure of the ∆I=2 bands.
In this paper, the level scheme of those bands has been
extended by eleven γ rays. The ∆I=2 rotational bands in
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Fig. 1. (color online) Partial level scheme of 109In proposed
in the present work. New transitions and levels are marked as
red.
109In are investigated based on the systematic discussion,
and the configurations have been suggested. The experi-
mental results are compared with the tilted axis cranking
relativistic mean-field (TAC-RMF) approach [17,18]. Can-
didates for antimagnetic rotational bands in 109In will be
discussed.
2 EXPERIMENT AND RESULTS
The experiment was carried out using the HI-13 tandem
accelerator at the China Institute of Atomic Energy (CIAE)
in Beijing. Excited states in 109In were populated using the
100Mo(14N, 5n)109In fusion-evaporation reaction, and the
beam energy was 78 MeV. The target consisted of a 0.5
mg/cm2 foil of 100Mo with a backing of 10 mg/cm2-thick
197Au. The γ rays were detected by an array composed
of nine BGO-Compton-suppressed HPGe detectors, two
low-energy photon (LEP) HPGe detectors, and one clover
detector. A total of 84×106 γ-γ coincidence events were
sorted into a fully symmetrized Eγ-Eγ matrix, and ana-
lyzed using the software package RADWARE [30] for the
γ-ray coincidence relationship.
The data from the detectors at around 40◦ on one axis
and at around 140◦ on the other axis were sorted into an
asymmetric DCO matrix. By analyzed this asymmetric
DCO matrix, the ratios of directional correlation of ori-
ented states (DCO) can be obtained. The DCO ratios of
the known γ-rays of nuclei produced in the present exper-
iment were taken as the expected value. When the gate
is set on a quadrupole transition, the expected value of
stretched quadrupole transitions and pure dipole transi-
tions are around 1.0 and 0.5 in the present array geometry.
Analogously, when the gate is set on dipole transitions, the
DCO ratios distribute from 1.5 to 2 for quadrupole tran-
sitions and from 0.5 to 1.3 for dipole transitions. When
the gate is set on pure dipole transitions, the ratios are
around 1 for pure dipole transitions.
The partial level scheme focused on the ∆I=2 bands
in 109In is shown in Fig. 1. The placements of γ rays in the
level scheme were determined through the observed coin-
cidence relationships, intensity balances, and energy sum-
mations. Compared with the results reported in Ref. [29],
the level scheme of 109In has been revised by adding eleven
new γ rays.
Band 7 is an ∆I=2 band and extended to (41/2+)
state at energy of 8460.8 keV. In Fig. 2(a), the 1000.4
keV transition has no coincidence with the newly identi-
fied γ-rays with energies of 1174.4 and 1024.8 keV, while
it has coincidene with the 1026.3 keV transition which
decays from 11/2+ state at 1026.3 keV to 9/2+ ground
state, and the transitions with energies of 829.6, 888.2,
864.8, 643.3, 1109.6 keV, etc. In the spectrum gated on
443.6 keV transition, shown in Fig. 2(b), the transitions
decay out from higher levels of band 7 and 9 can be seen,
along with the linking transitions with energies of 1109.6,
888.2 keV. The peak with a centroid energy of 1025 keV
can been seen in Fig. 2(b), which is composed of 1024.8
and 1026.3 keV transitions. This indicates the existence
of 1024.8 keV transition. Moreover, the 1174.4 and 1024.8
keV transitions have mutual coincidence with the transi-
tions of band 7, but has no coincidence with the 888.2,
1109.6 keV transitions and the γ rays in band 9. There-
fore, the 1174.4 and 1024.8 keV transitions are placed on
the top of band 7, and the sequence of those transitions
is determined by the intensity. The 864.8 keV transition
has no coincidence with the 1109.6 and 643.3 keV transi-
tions. Such coincident relationship along with the energy
summation restricts the position of 643.4 and 1109.6 keV
γ rays to (31/2+) → 29/2(+). The RDCO of 643.4 keV
transition is consistent with the ∆I=2 transition, which
is similar to the 829.6 and 1000.4 keV transitions of band
9. Therefore, the 1109.6 keV transition is taken as a link-
ing transition of band 9 and 7, and the 643.4 keV γ ray is
placed between the state at 7149.8 keV and the state at
6506.5 keV. The alignment analysis in Sec. 3.1 also sup-
ports such placement. In summary, the γ-rays with the
energies of 1024.8, 1174.4 keV belong to band 7. Band 9
is built on the level at 6506.5 keV and decays to band
7 through the linking transitions with energies of 1109.6,
888.2 keV.
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Fig. 2. (color online) γ-ray coincidence spectra with gates set on the (a) 1000.4 keV, (b) 443.6 keV, (c) 941.6 transitions. Inset
shows the higher-energy part of the spectra (b). The energies marked by the asterisks and C are newly identified γ rays and
contaminants.
The DCO of the 888.2 keV transition needs special
explanation. In our early work [29], the 888.2 keV tran-
sition is thought to be an E2 transition and belong to
band 7. Nevertheless, the DCO of the 888.2-keV tran-
sition is 0.78(17), which is not a strict proof for an E2
transition. Now the 888.2-keV transition is suggested as a
linking transition between band 9 and 7, considering the
newly found transitions and coincidence relationships. The
DCO information of the newly found γ rays with energy
of 1109.6 keV can not been extracted for the weak inten-
sity. However, if we suppose that the linking transitions
with energies of 1109.6 and 888.2 keV are E2 transitions,
there will be a 37/2+ state at energy of 7149.8 keV, which
is lower than that of the (37/2+) state at 7286.4 keV of
band 7. It will be inconsistent with the intensity of the
643.3 and 1024.8 keV transitions. Therefore, we suggest
those linking transitions are ∆I=1 transitions, and the
bandhead of band 9 at energy of 6506.5 keV is (31/2+).
The newly identified 645.7 and 685.0 keV transitions
can been seen in the spectrum gated on 443.6 keV tran-
sition, as shown in Fig. 2(b). Though the 521.2 and 355.7
keV transitions can not been identified in Fig. 2(b) for
their weak intensities, each of the 645.7, 685.0, 521.2, 355.7
keV transitions has mutual coincidence with their cascade
γ rays. Therefore, they are taken as the member of band
7, and the sequence of those four γ rays are determined
by the intensities.
The 443.6 keV transition has been identified as a∆I=2
transition in the early work [29]. The RDCO of 645.7 and
685.0 keV transition extracted from the spectrum gated on
the 443.6 keV transition are around 1, which correspond
to ∆I=2 transitions. While it is difficult to extract the
DCO information of the 521.2 and 355.7 keV transitions,
we suggest them as∆I=2 transition considering that they
are the intraband transitions of band 7. The parity of band
7 is suggested to be positive according to the alignment
analysis in Sec. 3.1.
Band 8 consists of nine ∆I=2 transitions and is ex-
tended to the 43/2+ state at 8782.5 keV. From the 941.6
keV gated spectrum, as shown in Fig. 2(c), all the mem-
bers of band 8 can be identified, along with the 605.6,
614.2, 623.6 and 1099.4 keV transitions. In the early work
[29], the decay path of band 8 is not clear. With the ob-
served 605.6 and 596.2 keV transitions, the band 8 are
connected to the known (9/2)+ state at 1712.5 keV and
the (7/2)+ state at 1722.2 keV [31]. The 605.6 keV tran-
sition is a linking transition, which links the 11/2+ state
at 2318.5 keV to the (9/2)+ state at 1712.5 keV. Because
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Table 1. The γ-ray energies, initial- and final-level energies, intensities, DCO ratios, the initial- and final- level spin-parities of
109In deduced in the present work.
Eγ(keV)
a Ei→Ef Iγ(%)
b RDCO(D)
c RDCO(Q)
d Ipii →If
pi Band
355.7 2447.3→2091.6 <0.1 (9/2+)→(5/2+) 7
402.0 1428.3→1026.3 23(1) 0.61(17) 13/2+→11/2+
443.6 4742.8→4299.2 4.0(3) 0.82(17) 25/2(+)→21/2(+) 7
463.0 5218.7→4755.7 2.6(2) 1.07(16) 27/2+→23/2+ 8
469.7 5396.8→4927.1 3(1) 0.64(8) 29/2(+)→27/2− 7→5
475.9 5218.7→4742.8 0.7(4) 0.60(10) 27/2+→25/2(+) 8→7
521.2 2968.5→2447.3 <0.1 (13/2+)→(9/2+) 7
596.2 2318.5→1722.2 0.3(2) 0.9(2) 11/2+→(7/2)+ 8
605.6 2318.5→1712.5 0.7(2) 0.7(2) 11/2+→(9/2)+
614.2 1712.5→1099.4 0.2(1) (9/2)+→5/2+
623.6 1722.2→1099.4 0.3(1) (7/2)+→5/2+
631.1 5849.8→5218.7 2.9(3) 1.04(11) 31/2+→27/2+ 8
643.3 7149.8→6506.5 0.5(2) 1.0(3) (35/2+)→(31/2+) 9
645.7 4299.2→3653.5 0.8(3) 1.1(3) 21/2(+)→17/2(+) 7
654.0 5396.8→4742.8 3.2(2) 0.83(10) 29/2(+)→25/2(+) 7
658.6 4755.7→4097.1 1.2(1) 0.93(9) 23/2+→19/2+ 8
673.5 2101.8→1428.3 69(3) 19/2+→13/2+
673.7 2102.0→1428.3 14.7(7) 1.62(23) 17/2+→13/2+
685.0 3653.5→2968.5 0.3(3) 1.1(6) 17/2(+)→(13/2+) 7
816.3 6666.1→5849.8 1.5(1) 1.19(16) 35/2+→31/2+ 8
829.6 7979.4→7149.8 1.2(2) 0.96(29) (39/2+)→(35/2+) 9
837.0 3155.5→2318.5 1.0(3) 0.93(7) 15/2+→11/2+ 8
864.8 6261.6→5396.8 4.2(3) 0.80(7) 33/2(+)→29/2(+) 7
888.2 7149.8→6261.6 1.6(2) 0.78(17) (35/2+)→33/2(+) 9→7
893.0 2995.0→2102.0 7.3(7) 0.46(8) 19/2→17/2+
941.6 4097.1→3155.5 1.0(1) 1.10(13) 19/2+→15/2+ 8
973.0 7639.1→6666.1 1.6(2) 0.98(13) 39/2+→35/2+ 8
1000.4 8979.8→7979.4 0.6(1) 1.4(5) (43/2+)→(39/2+) 9
1024.8 7286.4→6261.6 2.6(7) (37/2+)→33/2(+) 7
1026.3 1026.3→0 31(1) 0.59(7) 11/2+→9/2+
1099.4 1099.4→0 0.5(1) 5/2+→9/2+
1109.6 6506.5→5396.8 <0.1 (31/2+)→29/2(+) 9→7
1143.4 8782.5→7639.1 0.4(2) 1.00(26) 43/2+→39/2+ 8
1174.4 8460.8→7286.4 0.3(2) (41/2+)→(37/2+) 7
1304.2 4299.2→2995.0 0.8(1) 0.54(11) 21/2(+)→19/2
1428.3 1428.3→0 100 13/2+→9/2+
1551.7 3653.5→2101.8 0.5(2) 17/2(+)→(19/2+)
a) Uncertainties are between 0.2 and 0.5 keV depending upon their intensity.
b) Intensities are normalized to the 1428.3 keV transition with Iγ = 100.
c) DCO ratios gated by dipole transitions.
d) DCO ratios gated by quadrupole transitions.
the band 8 is composed of ∆I=2 transitions, the γ ray
with energy of 596.2 keV is taken as a member of band
8, and the (7/2)+ state at 1722.2 keV is assigned as the
bandhead of band 8. The positive bandhead also supports
the parity assignment of band 8 in Ref. [29].
3 DISCUSSION
3.1 Systemic discussion and configuration assignment
The experimental alignment as a function of rotational
frequency for bands 7, 8 and 9 is shown in Fig. 3, and
that of the yrast band and band 10 of the neighboring
even-even nucleus 108Cd is shown as a comparison. The
configuration of band 8 is assigned as pig7/2g
−2
9/2 before
the backbend and pig7/2g
−2
9/2 ⊗ νh
2
11/2 after backbend in
Ref. [29]. In this work, the bandhead of band 8 has been
observed. The whole behaviour of band 8 before the back-
bend also supports the configuration assignment.
The band 10 of 108Cd is built on a non-aligned exci-
tation into the νh11/2 subshell [32]. Before the backbend,
the initial aligned spin of band 7 is nearly 2.5~ greater
than that of the band 10 of 108Cd, which can be caused
by the occupation of the odd proton in the d5/2 orbital. A
sharp backbend in both bands occurs at around 0.28 MeV
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Fig. 3. (Color online) Experimental alignment as a function
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2MeV−1 and
J1=9 ~
4MeV−3.
and with similar gains in aligned spin, which is consistent
with h11/2 neutron pair alignment. Therefore, the band 7
before the backbend should build on a non-aligned neu-
tron excitation into the νh11/2 subshell associating with
the pid5/2 orbital, and the backbend can be attributed to
the alignment of the neutrons in the h11/2 orbitals. Band
9, which decays to band 7 through two linking transitions,
can be related to different neutron excitations in compar-
ison with band 7. The alignments of band 9 is about 3 ~
greater than that of band 7, which could be attributed to
the midshell g7/2(d5/2) neutron alignment.
According to the configuration assignment, bands 7
and 8 are believed to be related to 1p1h proton excitations
from the g9/2 orbital to one of the g7/2 and d5/2 orbitals
above the shell gap. Similar bands related to the g7/2 or-
bital in 107,111,113In [33,34,28] are summarized in Fig 4.
Even though several corresponding levels in 107In have not
been observed, the isotopic regularity of the level energies
is significant. It is worth noting that the excitation ener-
gies of 1p1h proton excitation from g9/2 to g7/2 orbital in
109,111,113In are within 1∼2 MeV relative to the ground
state, and decreases with the increasing neutron number.
The proton-neutron residual interaction may play an im-
portant role in 1p1h excitation from pig9/2 to pig7/2 orbital
at such low energy. It reduces the energy spacing between
the pig9/2 and pig7/2 orbitals, and its impact is enhanced
when more neutrons are occupying the midshell.
Moreover, when the additional proton of indium nuclei
is occupying the g7/2 or d5/2 orbital, the rotational bands
after the h11/2 neutrons alignment at high frequencies are
perfect candidates for the two-shears-like mechanism, such
as the rotational bands in 108,110,112,113In [25,26,27,28].
0
2
4
6
8
10
12
14
16
18
(51/2+)
(47/2+)
(39/2+)
(43/2+)
(35/2+)
(31/2+)
27/2+
43/2+
39/2+
35/2+
31/2+
27/2+
23/2+
19/2+
(7/2)+
15/2+
9/2+ 9/2+9/2+
(39/2)
(43/2)
(47/2)
(51/2)
(55/2)
(59/2)
(63/2)
(35/2)
(31/2)
(27/2)
107In
11/2+
9/2+
27/2+
7/2+ 7/2+
11/2+11/2
+ 15/2
+
23/2+
15/2+
23/2+
19/2+
Ex
ci
ta
tio
n 
En
er
gy
(k
eV
)
109In 111In 113In
(23/2) 31/2
+
19/2+
Fig. 4. Rotational bands involving the pig7/2 orbital in
107,109,111,113 In. Ground states of 9/2+ are shown as references.
0.2 0.4 0.6 0.8
10
15
20
25
30
35
40
45
 
 
(2
) (M
eV
-1
)
2
 [MeV] 
 109In band 7
 109In band 8     
 106Cd AMR band
 108Cd AMR band
Fig. 5. (Color online) Dynamic moment of inertia J(2) as a
function of rotational frequency ~ω for bands 7 and 8 in 109In,
and the antimagnetic band in 106,108Cd.
The dynamic moment of inertia J(2) is a sensitive probe of
the nuclear collectivity. The J(2) and rotational frequency
can be extracted experimentally by the following formulae,
~ωexp =
1
2
Eγ(I → I − 2)
J(2) ≈
dI
dω
=
4
Eγ(I + 2→ I)− Eγ(I → I − 2)
J(2) of bands 7 and 8 after the backbend in 109In are
shown in Fig. 5. The typical antimagnetic rotational bands
in 106Cd, 108Cd [22,23] are also shown for comparison. As
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shown in Fig. 5, J(2) stays around 23 MeV−1~2 as rota-
tion frequency increases for bands 7 and 8 after backbend,
and have the similar pattern with that of AMR bands in
106,108Cd. Such small and stable value of J(2) indicates
that bands 7 and 8 after backbend in 109In are much less
collective, and can be candidates for antimagnetic rota-
tion.
3.2 Theoretical interpretation
In the following, the rotational structure of two positive
parity bands in 109In are investigated by tilted axis crank-
ing relativistic mean-field (TAC-RMF) approach. In con-
trast to its non-relativistic counterparts [35], the relativis-
tic mean field (RMF) approach including point-coupling
or mesonic exchange interaction [36,37,38], takes the fun-
damental Lorentz symmetry into account from the very
beginning so that naturally takes care of the important
spin degree of freedom and time-odd fields, resulting in
great successes on many nuclear phenomena [35,39,40,
41,42,18]. Moreover, without any additional parameters,
the rotation excitations can be described self-consistently
with the tilted axis cranking relativistic mean-field (TAC-
RMF) approach [17,18]. In particular, the TAC-RMFmodel
has been successfully used in describing magnetic rotation
(MR) and AMR microscopically and self consistently in
different mass regions [17,18], and especially the 110 re-
gion, such as the AMR bands in 105,109,110Cd [43,44,45,
46,47] and 108,110,112,113In
[26,27,28], and also the MR bands in 113,114In [13,48]. In
the present TAC-RMF calculations, the point-coupling in-
teraction PC-PK1 [49] is used for the Lagrangian without
any additional parameters. A basis of 10 major oscilla-
tor shells is adopted for the solving of the Dirac equation
and pairing correlations are neglected. In order to describe
bands 7 and 8 in 109In, the configurations pid5/2g
−2
9/2 ⊗
νh211/2 and pig7/2g
−2
9/2 ⊗ νh
2
11/2 are adopted in the TAC-
RMF calculations, respectively.
The calculated results for the pid5/2g
−2
9/2 ⊗ νh
2
11/2 and
pig7/2g
−2
9/2 ⊗ νh
2
11/2 configuration are shown in Fig. 6 and
Fig. 7 in comparison with the experimental data for bands
7 and 8 after the backbend. It could be seen that the
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Fig. 6. (color online) Energy spectrum of bands 7 (left) and 8 (right) after the backbend obtained from the TAC-RMF
calculations, in comparison with the corresponding data in 109In.
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and 8 (right) in the TAC-RMF calculations for the assigned
configurations. Insert: Deformation parameters β and γ driven
by the increasing rotational frequency in the TAC-RMF cal-
culations. The arrow indicates the increasing direction of the
rotational frequency.
TAC-RMF calculations including both energy spectrum
and rotational frequency based on the assigned configura-
tions are in a good agreement with the experimental data,
supporting the configuration assignment.
After the backbend in bands 7 and 8, the calculated
J(2) well reproduce the data and the J(2) values are around
20-25 MeV−1~2, which are much smaller than the typical
values (∼ 35 MeV−1~2) for the A = 110 rigid spherical
rotor. This indicates that bands 7 and 8 are not based
on a collective behavior, but most likely an antimagnetic
rotation, as discussed in Section. 3.1.
Weak E2 transition is one of the typical character-
istics of AMR and reflects the small deformation of the
core which causes large ratios of J(2) to the reduced tran-
sition probability B(E2) values. Furthermore, the B(E2)
values decrease with increasing angular momentum rather
rapidly. The B(E2) values and J(2)/B(E2) ratios as func-
tions of the rotational frequency in the TAC-RMF cal-
culations for the assigned configurations of bands 7 and
8 are given respectively in Fig. 8. The B(E2) values are
shown to be decrease smoothly with increasing rotational
frequency, while the J(2)/B(E2) ratios show rising ten-
dencies for both bands 7 and 8. It should be noted that
the calculated J(2)/B(E2) ratios for those two bands are
around 100−120 ~2MeV−1e−2b−2, which are much higher
than that for a typical deformed rotational band (∼ 10
~
2MeV−1e−2b−2 [16]) and also in agreement with the ex-
pectations from AMR bands [43,27,26].
The decrease of the B(E2) values can be attributed
to the evolution of the nuclear deformation. As shown in
the inset of Fig. 8(a), with increasing rotational frequency,
the nucleus undergoes a smooth decrease in β deformation
with a rather small and steady triaxiality (γ ≤ 10◦) for
both bands 7 and 8, which is responsible for the falling
tendency of B(E2) values with rotational frequency.
In order to examine the two-shears-like mechanism for
bands 7 and 8, Jpi+ν (the angular momentum vectors of
neutrons and the low-Ω proton) and jpi (the two high-
Ω g9/2 proton holes) in the TAC-RMF calculations have
been extracted and shown in Fig. 9. Taking band 8 with
the configuration pig7/2g
−2
9/2 ⊗ νh
2
11/2 as an example. The
angular momentum Jpi+ν is related to all the neutron lev-
els and the occupied low-Ω g7/2 proton in the intrinsic
system. At the bandhead (~ω = 0.2 MeV), the two jpi
are nearly perpendicular to Jpi+ν and pointing opposite
to each other, which form the blades of the two shears. As
the rotational frequency increases, the gradual alignment
of the g9/2 proton hole vectors jpi toward Jpi+ν generates
angular momentum, while the direction of the total angu-
lar momentum stays unchanged. This leads to the closing
of the two shears simultaneously by moving one blade to-
ward the other, demonstrating the two-shears-like mech-
anism in band 8. A similar mechanism can also been seen
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Fig. 9. (color online) Angular momentum vectors of neutrons and the low-Ω d5/2(g7/2) proton, Jpi+ν , and the two high-Ω g9/2
proton holes, jpi , for bands 7 and 8 calculated with TAC-RMF theory.
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in TAC-RMF calculations with assigned configuration of
pid5/2g
−2
9/2 ⊗ νh
2
11/2 for band 7 as shown in Fig. 9.
4 SUMMARY
In summary, the ∆I=2 rotational bands populated in the
100Mo(14N, 5n)109In reaction have been modified and ex-
tended by eleven new γ rays. The systematic discussion
has been made and the configurations for the ∆I=2 rota-
tional bands have been assigned. The dynamic moment of
inertia shows that bands 7 and 8 after backbend are much
less collective.
The experimental data of bands 7 and 8 in 109In have
been compared with the TAC-RMF calculations, and good
agreements have been obtained. The predicted B(E2), de-
formation β and γ, as well as J(2)/B(E2) ratios in TAC-
RMF calculations based on the pid5/2g
−2
9/2 ⊗ νh
2
11/2 and
pig7/2g
−2
9/2⊗νh
2
11/2 configurations have been discussed and
the characteristic features of AMR for the bands 7 and 8
after the backbend have been shown. The two-shears-like
mechanism for bands 7 and 8 show that they can be candi-
date antimagnetic rotational bands. Further experimental
investigation such as life-time measurements are expected
for a conclusive interpretation.
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